Chicken anemia virus induced apoptosis: underlying molecular mechanisms.
In 1990, the chicken anemia virus (CAV) genome was cloned by us and proven to be representative for CAV isolates worldwide. This genome contains unique promoter/enhancer replication elements and genes. Upon infection of its target cells, CAV replicates via a double-stranded (ds) DNA intermediate. From this ds CAV molecule, a single mRNA is transcribed, which encodes for three distinct proteins VP1, VP2, and VP3 or apoptin. Its capsid contains only the VP1 protein. However, for the production of the neutralizing epitope, co-synthesis of VP1 and VP2 are needed. CAV genomes with mutations in the 12 bp insert of the promoter/enhancer region were shown to produce immunogenic functional CAV particles. Mutations in these and other regulatory elements of CAV might also decrease its virus load resulting in a reduced pathogenic effect. CAV causes fatal cytopathogenic effects in e.g. chicken thymocytes via apoptosis. Under in vitro conditions, CAV replicates only in transformed chicken cell lines, which indicates that at least a part of the CAV life-cycle requires transformed-like cellular events. In these transformed cell lines, the synthesis of the apoptin protein alone mimics the CAV-induced apoptosis, whereas the VP2 protein also harbors some apoptotic activity. Extensive studies on apoptin resulted in the characterization of domains essential for its apoptotic activity and nuclear localization, which seems to be related with its ability to induce apoptosis. Therefore, both VP2 and apoptin are of interest in reducing the pathogenicity of CAV infections. A series of biomedical studies on apoptin have been carried out in human cell systems, which are informative about the mechanism of CAV-induced apoptosis in chicken (transformed) cells. Synthesis of apoptin alone induces apoptosis in various human transformed and/or tumorigenic cell lines, but not in normal human diploid cells. A striking difference in the cellular localization of apoptin was observed in human normal diploid cells versus tumor cells. In all tumor cells, apoptin is located mainly in the heterochromatic regions of the nucleus, whereas in normal cells it is present in peri-nuclear structures. Apoptin contains a bipartite nuclear localization signal, and one domain that resemble a nuclear export signal. Elucidation of parts of the apoptin-induced apoptotic pathway revealed unique characteristics: apoptin-induced apoptosis is independent of the tumor suppressor p53. The anti-apoptotic protein Bcl-2 does not inhibit but even accelerates apoptin-induced apoptosis in tumor cells, whereas over expression of Bcl-2 in normal cells has no effect on the apoptin activity. Upstream caspases are not involved, whereas downstream caspase 3 is, but seems not to be essential. A number of novel proteins were shown to interact with apoptin in transformed cells. Future studies of apoptin, VP2 and related cellular proteins in chicken cells will unravel the regulatory aspects of CAV-induced apoptosis.